Introduction: Dental caries is a microbial disease which affects retentive areas of the teeth. It has shown significant increase in incidence and prevalence in modern population. Various theories have been postulated in an attempt to explain the etiopathogenesis of dental caries. Despite their popularity, there are many questions which various theories haven't been able to answer. And still there is no definite cure for dental caries. Consequently, in most cases the process can't be reversed. Therefore, to tackle this issue other risk factors involved in the etiopathogenesis need to be explored. The Hypothesis: It could be suggested that there might be additional systemic factors, e.g. systemic acidosis, in pathogenesis of dental caries, in addition to proven localized causative factors. Evaluation of the Hypothesis: Various hypotheses have been discussed, on the basis of histopathology, and various research articles. The demineralization of bone osteoporosis and tooth demineralization of dental caries have been correlated to evaluate the hypothesis. Few parameters have been added in the proven local factors of etiopathogenesis of dental caries.
INTRODUCTION
Dental caries is a bacterial infection affecting retentive areas of the teeth. It has shown significant increase in incidence and prevalence in modern population. Extensive studies have been performed on etiologic aspects of dental caries, trying to investigate the possible causative and preventive factors such as various salivary components, including immunoglobulins and enzymes, vitamin C, calcium, and salivary pH. [1] During the past decades, various theories have been postulated in an attempt to explain the etiopathogenesis of dental caries. Miller's Chemicoparasitic Theory (1882), Gottleib's Proteolytic Theory (1948) , and Schatz's Proteolytic Chelation Theory (1955) are among the most widely accepted theories that have essentially remained unchanged over time. In spite of detailed etiopathogenesis suggested by various researchers, there is no cure and the carious process cannot be reversed in a way other bacterial infections are treated through antibiotics. Focus has finally been shifted toward a conservative approach. Therefore, to tackle this issue, a new approach and detection of other risk factors or indicators are needed. [1] Miller's Theory (1882), which is almost the backbone of our knowledge of the etiology of the dental cariology, states that dental caries is a disease of microbial origin in which the dietary carbohydrates are fermented by the oral bacteria, resulting in acid formation that causes the demineralization of the inorganic part (minerals) and disintegration of the organic part of the tooth.
Unfortunately, this theory could not explain (1) the predilection of specific sites on a tooth, (2) initiation of smooth surface caries, (3) the reason some populations are caries free, and (4) the phenomenon of arrested caries. [1] However, it is still widely accepted despite its drawback. Even rampant caries has not been fully understood as far as etiopathogenesis is concerned.
In addition, sometimes multiple smooth surface carious and incipient lesions occur in a relatively clean oral cavity and on nonretentive areas such as cusps, which is not in line with the Miller's Theory, which emphasizes on microbial flora as an active component in the etiopathogenesis of dental caries. Therefore, it could be suggested that there might be additional systemic factors involved, in pathogenesis of dental caries, in addition to proven localized causative factors. [2, 3] Human body is an amazing chemical laboratory. Our blood plasma, interstitial fluids, and all the cellular functions are most sensitive to acid-alkaline imbalance. [4] Based on the current literature, when systemic (interstitial fluid) pH becomes acidic, it may lead to multiple systemic diseases and derangement of complex systems such as our heart and brain, and even cause cellular metabolism disturbances leading to serious illnesses such as cancers. [5, 6] When these fluids are maintained within a narrow alkaline pH range of 7.35 to 7.45, our body's immune system operates in an optimal condition and is able to fight off all diseases. On the contrary, overacidification of the body is a dangerous condition that weakens all body systems and can give rise to an internal environment conducive to disease and even death. [2] When interstitial fluid is too acidic, body will do everything in its power to maintain an alkaline balance by absorbing minerals from hard tissues to minimize acidity and to make it alkaline. One of these minerals is calcium that is found in bones and teeth. The body pulls minerals from these hard tissues to make it alkaline. As the body's acidity increases, more and more calcium is removed from the bones and teeth. If left unchecked over a long period of time, it can lead to osteoporosis of bone and demineralization in the teeth. [7] THE HYPOTHESIS Therefore, answers for drawback of Miller's Theory could be achieved through various hypotheses as follows: (1) Does interstitial fluid of body also become acidic in dental caries patients? (2) Could this be an additional and initial event in the entire pathogenesis of dental caries? (3) Does "caries-free individuals" have an alkaline internal pH? (4) Does arrested caries occur when body shows reversal of pH, from acidic to alkaline? (5) Can it be reversed as many other bacterial infections do?
The question can be raised, how does this acidic pH affect dental caries? Hypothesis could be explained as in later subsections.
EVALUATION OF THE HYPOTHESIS
In case of osteoporosis, systemic acidosis leads to loss of minerals from marrow surface or inner surface of bone through marrow vessels. Similarly, when acidic interstitial fluid reaches teeth through main excretory ducts of salivary glands, gingival crevicular fluid (GCF), and through interstitial fluid of pulp vessels, reaches whole dentin through interconnecting network of dentinal tubules containing dental lymph, which is also an interstitial fluid as explained by Larmas. [8] Body tries to buffer this acidic interstitial fluid by absorbing minerals from dentin of teeth similar to the marrow surface of bone in osteoporosis. [7] The process of demineralization begins from pulpal surface and proceeds toward external surface, that is, enamel, similar to osteoporosis, leading to porous teeth, which clinically appears as white spots or incipient lesion, sometimes in comparatively healthy oral cavity [ Figure 1 ]. Such demineralized spots are areas that are prone to microbial acid attack to produce further cavitation. Sometimes these white spots or incipient carious lesions are present on labial surface and cusps, which does not fit in any of the theories of caries, which says the dental caries is predominantly seen in retentive areas. Therefore, it could be hypothesized that interstitial fluid of dental pulp reaches enamel through dental lymph present inside the dentinal tubules and start demineralizing intertubular and peritubular dentin and progresses further making porous enamel [ Figure 2 ]. This hypothesis has been extensively researched by Steinman in his animal (rat) study and published as a lifetime research. According to him, in his words, Dr. Steinman wrote that "Every biochemical process of [tooth] decay identified in man is found to be identical in the rat." When he injected a dye in the pulp of rat, it reached the enamel rod sheath through dentinal lymph within an hour. His research also states that disturbance in the dentinal fluid flow could also lead to demineralization, which is caused by various factors such as high sugar intake, stress, lack of exercise, lack of micronutrients, and pharmacological agents. All these factors also cause systemic acidosis. [9] [10] [11] In addition, when incipient lesion is examined histopathologically, it shows various zones, which begin from inward to outward, in both dentin and enamel. Zones of caries in dentin starts from odontoblastic zone to dentin enamel junction (DEJ), and enamel caries starts from DEJ to surface enamel, which strongly support the hypothesis that internal or interstitial acidic pH is first most important event in the etiopathogenesis of dental caries. [1] Therefore, dentin and bone get demineralized simultaneously because both have almost similar chemical composition. When bone is affected, dentin also has equal chances of getting affected. [8] The perfect example of this association is a genetic disorder, that is, dentinogenesis imperfecta, associated with osteogenesis imperfecta wherein both tissues simultaneously get affected. Histopathologically, the various zones of dentin and enamel zones of incipient lesion are graded in terms of pore volume similar to osteoporosis. [1] The special stain, modified Gallego's stain, gives similar green color to both bone and dentin, which further proves that both tissues have same histochemical nature. [9] The chemical composition of dentin and bone has been proved to be same, therefore interstitial fluid has to demineralize both simultaneously. [8] Few authors have attempted to compare decayed, missing and filled teeth (DMFT) index and osteoporosis in which their main focus was on osteoporosis, but the linking factor between the two tissues have not been explored and evaluated. [12, 13] According to the literature, GCF has a composition close to that of blood plasma or interstitial fluid; therefore, cervical caries could be accelerated by acidic GCF. [14, 15] The critical pH of enamel is 5.5, that is, demineralization start at this pH. However, the living organism would be almost dead at this pH if initial demineralization begins through internal pathway with this pH. So, it could be hypothesized that when the systemic pH values become slightly acidic, that is, at 7 or just below 7 (6.9) which is a critical pH of bone, the demineralization starts slowly as a chronic process from pulpal end too and radiates outward through dentinal tubules and enamel rods toward surface of tooth, to produce incipient caries or white spots. [8] Thus bone and dentin demineralization is a simultaneous process as per hypothesis.
The pH values ranging from 7.4 to 7.1 is considered normal for bone and therefore to dentin too. Once it drops to below 7, demineralization starts, which is justified by Arnett et al. in his review article. [16] Question arises that if interstitial fluid is responsible for initial event of demineralization then it should be generalized process throughout the dentin instead of white spot areas. It could be justified that every tooth has hypocalcified areas in dentin and enamel, which are prone to dimeralization. These areas are dead tracts, interglobular dentin, tomes granular layer, enamel spindles, enamel tufts, enamel lamellae, and enamel rod sheath. The uniform flow of dental lymph first attacks these weaker areas and demineralizes, which further expands them to reach the surface to be seen as white spots. [1] Therefore, it could also be justified that acidic interstitial fluid is also responsible for generalized nature of rampant caries as deciduous teeth are overall less mineralized and prone to demineralization at multiple areas. Disturbed sleep and nutritional deficiencies in child could be responsible for acidic interstitial pH and rampant caries.
In addition, radiation caries occurring in patients undergoing radiotherapy occurs only in cervical areas, [1] because it has been strongly proved that patients suffering from malignancies have high acidic pH. So, it could be postulated that cervical caries occurring in these patients could be due to acidic GCF caused by high dose of chemotherapy, which also causes acidic interstitial acidic pH.
Matrix metalloproteinases (MMPs) such as MMP-8, MMP-2, MMP-9, MMP-3, MMP-2, MMP-14, and MMP-20 are the main MMPs that have been identified in pulp, odontoblasts, and predentine/dentine. The various possible sources of MMPs in the carious lesion are saliva, gingival crevicular fluid, and MMPs produced by the odontoblasts. Therefore, it could be hypothesized that demineralization and degradation start from pulpal side and lead to porous dentin, which progresses to enamel. Such weaker hard tissues of teeth are then prone to microbial attack and their metabolic acids. [17] [18] [19] [20] [21] [22] This hypothesis has been supported by Bäckman in a research conducted on rats, which stated that there is a reason to assume that the changes in acid-base balance have effects on dentine metabolism as they do on the bone. In humans, several congenital chronic diseases, causing acid-base disturbances, result in changes in dental health and alterations in tooth structure and development. [23] It could be hypothesized that such carious teeth therefore might remineralize, if oral hygiene is maintained and systemic pH becomes alkaline later. In addition, caries-free individuals could have an alkaline pH permanently and therefore have highly mineralized teeth that are caries resistant.
The lower the pH level of body fluids, the less oxygenated and acidic they will be. Therefore, hemoglobin estimation is also an important factor to consider in cases of systemic acidosis. [2] A pH of 7.0 is considered neutral. The pH levels of body fluids should fall in the following ranges to be considered healthy: pH-7.35 to 7.45 and pH-7.0 to 7.5 are the pH of blood and saliva, respectively, which is purely alkaline. Interstitial fluid can become acidic due to insufficient sleep, chemicals and pesticides, low level of blood oxygen such as anemia, acid pooling, acidic diet, and emotional stress including, worries, anxiety, and negative thoughts, which should also be analyzed in dental caries patients. [7, 24] Dr. Warburg was awarded the Nobel Prize for his discovery that cancer thrives in anaerobic (without oxygen), or acidic, conditions. He firmly believed that there was a direct relationship between pH and oxygen and also acidic pH and cancer. Researchers have been trying to even reverse cancer by making systemic or internal pH alkaline. [25] Too much acidic content in the body also makes it more susceptible to bacteria, fungi, and viruses. An acidic environment is perfect for these microorganisms to thrive, which is also a feature of dental caries. [21] CONCLUSION Analysis of internal pH through GCF, blood, and pulp tissue is of paramount importance to assess its role in initiation and Tamgadge and Tamgadge: Systemic pH(interstitial fluid) and dental caries progression of dental caries and explore unanswered questions in dental literature as far as etiopathogenesis of dental caries is concerned. This could be used in arresting caries progression and its prevention in the initial stages, and invention of new treatment modalities for dental caries by alkalizing body pH. It would also create a new horizon for other systemic diseases, including cancer as it flourishes in acidic pH. Therefore, future researches should focus on evaluation of pH of dentinal fluid more specifically through nanosensors in dentin and also its progression into enamel.
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